Abstract -Analysis and design of a dimming control based on the Discrete Sliding Mode Control (DSMC) strategy for electronic ballasts (without resonant tank) is presented. To avoid the acoustic resonance phenomenon, the proposed scheme feeds the lamp with low frequency square waves, and then to stabilize the lamp current a dc-dc converter with a closed loop control stage is included. For this purpose a Buck converter with DSMC control is used. A fast response and good reference pursuit is obtained, avoiding the lamp turn off or the lamp destruction when the dimming control is implemented. A reduction in electronic elements is achieved and the reliability of the overall system is incremented with the DSMC compared to the analog Sliding Mode control strategy. The analysis includes those conditions related to the existence of a sliding surface and the stability conditions. The simulations are made with a nonlinear dynamic lamp model. Analysis, simulation and experimental results of the proposed electronic ballast and the control stage are presented.
I. INTRODUCTION The acoustic resonance phenomenon in HID lamps is the consequence of pressure waves of the filled gas inside the lamp. This phenomenon is caused by the lamp power modulation. The arc discharge is deformed by these pressure waves. Heating spots are generated when the glass bladder is reached by the arc, and generally these spots get broken [1] .
One of the most reliable solutions for the elimination of the acoustic resonance phenomenon in HID lamps consists of feeding the lamp with square wave forms to reach a constant power. Most of the electronic ballasts that feed the lamps with square wave forms require a closed loop control stage to stabilize the lamp current [2, 3] .
Generally, the discharge arc in HID lamps is extinguished if the power inferior limit is reached (approximately 5000 of the nominal power) [4] . Therefore, to avoid the arc extinction, it is important that the dimming control of the electronic ballast has a good reference tracking. Additionally, it is important to have a good dynamic response in illuminating systems where voltage variations or load changes are likely to occur.
Good dynamic response, stability and regulation from voltage variations, may be achieved with the sliding mode control [5] [6] . The HID lamp current is unstable when the lamp is fed with a voltage source, an example is a variable structure dc-dc converter working in continuous conduction mode (CCM). The control will drive the system to the balance point [5] [6] .
An igniter is needed when the HID lamps are fed with square waves. A proposed igniter is based on a resonant network; this network works only for 40pts-60pts in a high resonant frequency. Additionally, the semiconductor losses and the size of the passive elements are reduced.
An electronic ballast is presented in [7] , feeding the HID lamp with low frequency square wave forms. The feedback control is designed with non linear sliding control. The control stage is implemented in analog form, and then many electronic elements (1 operational amplifier, 1 high speed comparator, 2 logic circuits, 13 
II. POWER STAGE
The block diagram of the selected ballast is shown in figure 1 . A buck converter is operating in CCM. This converter stabilizes the arc discharge and feeds the inverter. A dc bus is given by the dc-dc converter that integrates a power factor correction. kHz). The operating frequency of the inverter changes to 400Hz when the lamp ignition is reached. Therefore, at this frequency, the inductor impedance is very low (short circuit) and the capacitor impedance is very high (open circuit) and both impedances can be ignored.
III. CONTROL STAGE
For DSMC design the following steps must be developed [8, 10] : System modeling, Sliding surface definition, Control law, Existence and convergence conditions of DSMC.
System modeling
The power stage (figure 2(a)) can be simplified as follows: The influence of the igniter on the ballast in stable state is small, ( figure 2(b) ). The inverter current demanded from the Buck converter is constant and can be eliminated ( figure 2(c) ). Finally the semiconductors can be substituted by ideal switches and the lamp is considered in stable state as a constant resistance only for the controller parameters calculations ( figure 2(d) The resultant system in matrix form considering the position of the switch ul (I and -1) is: The law is [10] : u(n) = ueq(n) + UN (n) (12) where: UN (n) = -sgn(u(n)); implemented control, Ueq(n) is equivalent control. Ueq(n) is included for analysis purposes, this implies a guarantee of the existence condition only locally. The implemented control (UN(n)) does not include the equivalent control.
The existence and convergence conditions of DSMC Equations (13) and (14) describe the existence of DSMC [10] .
(o(n + 1) + -(n))sign(o(n)) > 0, convergence condition (13) (u(n±+1) -(n))sign(u(n)) < O, sliding condition (14) From experimental results, the lamp always ignites from 
IV. SIMULATION AND EXPERIMENTAL RESULTS (8)
The discrete-sliding surface related to equation (6) In figure 3 , the simulated circuit (Buck converter, DSMC and lamp model) is shown. Simulation results of the electronic ballast with DSMC control are shown in figures 4 and 5. In figure 4 , the current demanded and the output voltage of the Buck converter are shown. In figure 5 , a dimming test (from 100% to 500/O) is shown; this dimming is made with a change in the current reference. The demanded current and the output voltage to the Buck converter are shown. As it can be observed a good dynamic response is obtained. In these figures the effect of death times is shown. 
V. CONCLUSIONS
In this paper an analysis of a HID lamp under the action of a discrete sliding mode non linear control (SMC) is presented. To avoid the appearance of acoustic resonance, the power stage feeds the HID lamp with low frequency square waves. A good dynamic response in dimming test is obtained because the control strategy is efficient. Also, the nonlinearity is considered in the buck model and the lamp model. This is other advantage of the nonlinear control strategy over the classic control strategy, because when a linearization model is obtained the analysis is limited to a region close to the operation point.
Also a dynamic nonlinear PSpice lamp model implementation in Simulink was shown.
The experimental results had shown a good behavior of the selected electronic ballast with a nonlinear control stage (SMC). Square waves are obtained with this topology and hence, the acoustic resonance phenomenon is eliminated.
